Abstract-The dipole antenna providing 13% bandwidth with VSWR lower than 1.15 is considered in the paper. The antenna is characterized by its compactness, mechanical durability, low aerodynamic resistance. The antenna can be executed both in tubular, and in microstrip design.
INTRODUCTION
Sometimes in practice e.g. in broadcasting it is very important for the antenna to be matched with a feeder in a wide frequency range. Usually the wide frequency range is reached to the detriment of either VSWR level, or the pattern form, or the antenna construction sizes. However it does not meet the requirements to the antennas intended for operation on antenna supports like towers. Here it is important to save compact antenna sizes for the purpose of decreasing weight and wind stresses on the tower. For power transmitting antennas it is also important to provide the given VSWR with which insignificant reflected power does not cause the violation of the transmitter operation mode. The capability of the antenna to operate in a wide frequency range allows to decrease the number of antennas on a support therefore to reduce weight and wind stresses.
The Wideband Dipole Antenna presented here is the compromise decision: it provides low VSWR in the wide enough frequency range when the sizes and the pattern are close to the above-mentioned of the usual half-wave dipole antenna.
II. ANTENNA DESIGN
Structurally the Antenna (Fig. 1) consists of the first vibrator 1, the second vibrator 2, the first and the second shortcircuiting conductors 3, the symmetrizing device 4, the device for compensating the reactive part of the antenna input impedance 5, the feeder 6 and the RF connector 7. The first vibrator (dipole) consists from the first 8 and the second 9 shoulders separated along the longitudinal axis of the vibrator. As the result of separation a gap is formed. The second vibrator has no gap. It is located in parallel with the first vibrator on the distance much smaller of the wavelength. Short-circuiting elements 3 galvanically connect the first and the second vibrators. The antenna is fed by means of the coaxial cable 6. The symmetrizing device in the form of a short-circuited quarter wave piece of a two-wire transmitting line is used in the antenna. The coaxial cable is laid in one of the tubes of the symmetrizing device and in the corresponding shoulder of the vibrator. The external conductor of the cable is connected in the gap with the vibrator shoulder. The central conductor of the coaxial cable is connected with the central conductor of the matching cable piece located inside the other vibrator shoulder. The second end of the central conductor of the matching cable piece has no connections. The external conductor of the matching cable piece is galvanically connected to the vibrator shoulder in the gap field. As a result the excitation source is located symmetrically to the antenna design. This source is connected directly by one pole to one of the vibrator shoulders, and by another pole to the other vibrator shoulder through the matching cable. 
III. MODELING
The physical model of the suggested Wideband Symmetrical Dipole Antenna is two half-wave vibrators parallel each other with the "strong" distributed electromagnetic interconnection besides having galvanic connection in two sections by means of short in comparison with the wavelength conductors (shorts). The Antenna is exited in the gap between shoulders of one of the vibrators by means of voltage source connected in-series with the matching device in the form of a coaxial transmitting line piece, here the shortcircuited two-wire line peace is connected in parallel with the excited vibrator shoulders. The length of two-wire line peace is equal to a quarter of wavelength at a medium working frequency. The short-circuited quarter wave piece of the twowire line carries out a role of the symmetrizing device. It is supposed that vibrators, shorts and the symmetrizing device are made of the cylindrical conductors, diameters of which are much less than a wavelength. All conductors are made of a perfectly conducting material. The Antenna is located in free space.
The mathematical model is based on the generalized method of induced electromotive forces called in some literature the Method of reactions matching or the Richmond's method. This method assumes determining the mutual influence of the electrically short dipoles formed by the adjacent segments into which aerial conductors are separated and the so-called trial dipoles [1] .
It is considered that the voltage generator of V0 Volts on the clips, connected in the dipole gap, feeds the Antenna.
The numerical model of the Antenna is similar to the model received in the solution of the integrated equation of the antenna by a method of the moments [2] .
The solution of a system of linear equations is found by Gaussian elimination usage.
Following the generalized method of induced electromotive forces, a number of N trial dipoles are entered into consideration. The system of N linear algebraic equations with N unknowns In can be written as:
where [V] -the column-vector, the elements of which are equal to voltage values of sources of "true" and "trial" dipoles;
[Z] -the matrix of mutual resistances of "true" and "trial" dipoles;
[I] -the column-vector, the elements of which are equal to complex amplitudes of basic functions by means of which the current distribution function is approximated.
Based on the solution of linear equations system the approximate current distribution along the Antenna conductors is found. Using the known current distribution the Antenna input impedance, the pattern and the antenna gain are calculated.
The current distribution along Antenna's conductors at the middle frequency is shown in Fig. 2 . Except for the central area, the law of current distribution along dipoles is close to the sinusoidal law that is characteristic for the common half-wave dipole. Current amplitude on the dipole areas located between shorts, approximately is twice more than in points of the dipole connection with shorts. Current distribution along the symmetrizing device conductors, namely almost zero current in these elements near their connection to the vibrator, testifies to the high impedance of the symmetrizing device and, therefore, to its small influence on the current distribution along the vibrator.
IV. ANTENNA CHARACTERISTICS The real and imaginary parts of the Wideband Dipole Antenna impedance vs. the normalized frequency are shown in Fig. 3 . According to the graph the imaginary part of the impedance changes within the bounds ±10 Ohm in the working frequency range. The real part of the antenna impedance is equal to the characteristic impedance of the feeder (75 Ohm) at two frequencies, the real part changes smoothly between them. The deviation of the real part of the antenna impedance from 75 Ohm is +8 Ohm in the point of the maximum. Both imaginary and real parts of the impedance quickly deviate from optimum values outside the working range. It causes the big steepness of fronts on the VSWR vs. frequency graph. 
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Matching of the Wideband Dipole Antenna with the 75-Ohm feeder vs. normalized frequency (blue) is shown in Fig. 4 . This graph shows the presence of the extended area of VSWR lower 1.15 outside of which VSWR increases quickly enough. The bandwidth of the offered Wideband Dipole Antenna is 13% relative to the middle frequency.
In the low-frequency range the real part of the Antenna impedance moves aside from 75 Ohms more than the imaginary part moves aside from 0 Ohm. Therefore, the behavior of VSWR at low frequencies is determined by the real part of the Antenna impedance. On other side, the behavior of VSWR at high frequencies is determined more by the imaginary part of the Antenna impedance because its deviation from 0 Ohm is dominated.
For comparison, VSWR vs. normalized frequency for the common half-wave dipole antenna with the same symmetrizing device (brown) is also shown in Fig. 4 . The graph of VSWR has one minimum equal to 1.02 corresponding to the resonance frequency. The bandwidth of the half-wave single-dipole antenna is 3% with VSWR lower than 1.15. Thus, the frequency range of the Wideband Dipole Antenna becomes wider by expanding to low-frequencies due to the influence of the closely spaced second vibrator and other new Antenna's parts. Choosing the electric sizes of the Antenna it is possible to achieve equality of the real part of the impedance 50 Ohm in the wide frequency range. The imaginary part of the impedance is compensated by the matching device in the form of the coaxial cable peace. Fig. 5 shows dependences of real and imaginary parts of Antenna impedance vs. frequency. The real part of the impedance is equal to 50 Ohm at two frequencies. The maximum of the real part is 5 Ohm higher than the optimum value. The imaginary part of the Antenna impedance is equal to zero at three frequencies. The deviation of the imaginary part of the Antenna impedance from zero in the working frequency range does not exceed the bounds of the range ±5 Ohm. The antenna patterns calculated at the normalized frequencies 0.85, 1.00 and 1.15 are shown in Fig. 7 . The form of the pattern in the Н-plane is close to a circle. The deviation at the normalized frequency 0.85 is ±0.05 (1 dB), at normalized frequencies 1.00 and 1.15 the deviation is less and equal to ±0.025 (0.5 dB). This difference of pattern in the H-plane from a circle is observed in the field of the corners close to θ=0° and θ=180°. It is caused by the radiation of the symmetrizing device. The change of this deviation character with frequency is explained by the change of the currents phase relationship in the dipoles and in the short.
The wideband antenna pattern in the E-plane has the form of 8. The pattern behavior of the Wideband Dipole Antenna in the E-plane is similar to the pattern behavior of the common half-wave dipole in this plane. Differences are first in lobe maximum difference and second in some level of radiation observed in the direction of the dipole axis. Nonzero level in the Antenna pattern in the direction of the dipole axis is explained by the symmetrizing device radiation. Judging by the presented data the partial pattern of the symmetrizing device has the maximum value about -20 dB.
The 3-dimentional pattern of the Wideband Dipole Antenna (Fig. 8) is close to the torus shape, the same as for a common half-wave dipole.
The gain of the Wideband Dipole Antenna is 2.5 dBi. (Fig. 11) has been installed on the antenna tower of TV and radio broadcasting stations in Chelyabinsk (Russia) which was intended for operation in the frequency range from 94 to 108 MHz. The gain of near 8 dBi is provided. 10 Radio stations with the total power of 16 kW simultaneously work on this antenna array. Only 8 dipoles are seen in Fig.11 , the other 8 are hidden by the tower construction. 
VI. CONCLUSIONS
The new useful dipole antenna is constructed providing the radiating of signals in a wide frequency range and solving the problem of launching new TV and radiobroadcasting stations as well as new communication stations for mobile objects with antenna arrangement on the existing antenna supports in the form of lattice towers.
It is shown that the suggested Antenna can be matched with a feeder with the specified impedance (including 50 Ohm and 75 Ohm) by choosing its geometric parameters.
The Antenna provides:
 low VSWR in a feeder owing to the good matching the Antenna input impedance with the feeder characteristic impedance in a wide frequency range;
 the symmetric pattern in the Е-plane (without bifurcation of the pattern and without a deviation of the pattern maximum from the plane perpendicular to the antenna vibrators);
 the circular pattern in the Н-plane;
 convenient Antenna installation on a belt of lattice TV tower.
